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Analysis of the Characteristics of Polyurethane Synthesis Using Quartz

Crystal Analyzer
Hong-Sik Cho, Jin-Young Park, Dae-Sang Han, Ji-Sun Park, Hang-Ja Lee, Kwang
Kim, and Sang-Mok Chang
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Abstract

In this study, we investigated the characteristics of polyurethane synthesis by simultaneously
measuring resonant frequency and resonant resistance with a quartz crystal analyzer. The rapid
decrease of resonant frequency was appeared because automatic catalytic reaction was caused by the
polyurethane formed in initial stage of polyurethane synthesis. In prepolymer(PP) synthesis, the resonant
frequency was slowly stabilized after a rapid decrease at a certain point of time. But in segmented
polvurethane synthesis in which chain-extender was involved, the resonant frequency increased again
after a rapid decrease at a certain point of time. It was considered that this tendency took place
because the chain-extender, 14-butandiol, caused a soft segment to change to a hard segment. The
resonant resistance was used in the analysis of mechanism. From the results, the characteristics of
polyurethane synthesis could be analyzed on-line using a quartz crystal analyzer, and the systhesis
mechanism could also be interpreted.

Keywords: polyurethane synthesis, quartz crystal analyzer(QCA), soft segment, hard segment

SZoldistn 343 a3 (Dept. of Chemical Eng.,
Donga Univ. )

£ 33EARAN 2% AdH
<HFgA :199d 1€ 118> =

X 23
Zo] £43 BEAFZE NMAE £ZE NIHUE(soft



234, 909, B04, 944, 0|97, A%, $AE 29

segment, SS)¢ He2F 2L £¥ 499 4 7}
2E YA, F2AFA o LI ZEA
$3E BAY EAFZE HAE = A9 E(hard
segment, HS)7H At EZ ol hAoto]E
(polyisocyanate)st E&l&¢] #5AYEQ] ZeEd
E ggd oiAodlolESE AYn Y FY¢
ez FdAd 2 F 22}
Zo ZeSA9E AAsEA W

AR Wyt Zedee A4, 234, =2
£x22 2oje B4 A, FFA, 154 2¢EA, 717
£ F¢&, 08, A5 9y, 44 J¢A d8AE 5
o gol AHgHAAR Yo

Z2¢d99e TN, 2TEHITVEY FF9 B4
g HoHIHES T2 T ZAd wil g E4
3} §x9 EFLeeo] o Zt7} Aol 7]

off  f
oX,
ol oy M N
oo e X dm M
i)

AR, HEAd AED FET ARY 542 vehar
Z9gud A= 989 £5d wd $49 A=
o Z% 59 zdo Axat Zasdus #4
s R4y AAENA, x-ray, FASE 2L 2F
BerE For RASAT olA7AY 2L B4
o ATE AHL NP sHAE wolgon &
Aukg Azhe] we wzke BAsE whEe gt

FRAAEAR  BAJ(Quartz  Crystal  Analyzer)®
Sauerbreyol 9# #R3AFA BHLARA o] & 7t
5800 Aol olgdoz FYY £, FAUEA
E FE taEHd ojgHo ¢tk Kanazawa FO|
£ ZJNE FHAER} 2R Assts Alde
dg508 Y F, EHLAEAMY FHAEA
$&o] EA3EI). 3] 2o Muramatsud] ¢
@ 335 289 3P e $usy 554
¢ HUY 5 & & 2A% ANFHYEP

£ drdMe $HAER 24718 o439 &3
Sae g4 AAY AA, %Y 549 E w2 4
Agozs ZesdHw BSAAIES
= AZE /IEe ANsna g

2.0 B

2-1. FHAUEA A2
TAYEAS] Bl AAg Hepod Fde 7
F, &4 Ze A WEd §93 sHAFAR &
Atoldl e A& g 71AHY Aol A4 o

rg

AdgHo] o3 AR Aol 4F9 AFFS &
4¢ A Ha old w FRF S
A FolA B WgoE VA
dAe  HIF FAEAFAY wAFge YL
Kanazawa Sl 93 4 (D¢ 2] #=5HA

3
dF= —-F.* (por/rppg)? (1

A7IM g8 AR HA, pE £ B4, o2 9
A 4=, pov 739 dEo|th
4o oA BAFEFEWGE (o 7)% v}
o ¥igisie) of FAAL AEHLE dojy ZEHd=z
& 4X8n gt &, $#AIEA} 449354 e 2
$ 899 HAR Az W ¥
7b wslgs Aot #H, £94 FoA 3
flo] gAdtol HAE BSde
Saverbrey®2l & H48 4 ¢
g g8 #3375 A7 s 4%
Hel Eridzndaye, TAdedMe PHAsE
gustE FAAEAY FAAY Rie B&d 2o §
=gt

)

1
Ri= 2n F,p.7) % Al k? @

4714 AE #3AEZY EWA, k& A7-714 9@
Aol

L
Rl
e«
po
to
e
+
3w
30,
+
v
>
ox,

>,
olfi
2L

o
ol =
£ ®

&

lo
fu
2
o I
2
lo
oy
H1

rr
fuj
rl
o -
N,
< 0
L

£
a4
¥
S
fru
o
o
4
ol

AEA A |
ko] HHEgle u wete Hed 540 o
2

& ofy ¥2 1l
< )

r
ofl
.0‘1'4
d
P
e
4
ol -
2
offt
24
il
oo
2
2,



Sl
s
N

30 12 o] &3

APREY2 A4 FAFNEY TAAY BF
O @ Z3d %}w”’ weld, F-REA
aslq zg b2 olEdtA ok 283, £9 Sol
AAEA AF 9o uuto] wubgy wjurg who

i

Al

4

3]

O
O,

=
2,
2

o 4y o
i
ox

2

ot
Lo,
fo ™ ol

ox o

2

ot
tlo

=
4
1o

Resonant resistance

8. In Liquid

e
Elasticity .
‘® In Air

a

i)

SHE g SAHEA
Polyot
Polyester
HO+ _ or  +OH
Polyether i
OCNE— INCO——|«——OCNf___FNCO
Diisocyanate Diisocyanate
r
HO  pot oH

OCNE__ FNC-O— or —O-C- N-{: +NCO

Urethane  Polyether  Urethane
group group

PREPOLYMER

Chain extension Chain extension
with diot with diamine

Polyurethane Polyurethane
with urethane linkages with urea linkagea

Fig. 2. Prepolymerization route for the formation

of a polyurethane
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Table 1. Composition of polyurethane reaction

Unit: mdl
_ PP
TDI 3506
GP-5000 0.2
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Fig. 5. Schematic diagram of 5m¢ liquid cell; (a)
quartz crystal, (b) electrode, (c) lead wire,
(d) silicone rubber, (e) laboratory sealing
film, (f) materials and (g) N2 gas.
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SPU

356
GP-5000 0.2
‘o PTMG-1000 1.7
1,4-Butandiol 0.1

[NCOlr : [OHlr 356/(19+0.1) = 1.781

Table 2. Composition of experimental polyurethane.

Unit:
PP
TD1 29.8
GP-5000
PTMG-1000 150
Toluene
(NCOlr : [OHIr 187 : 1
d : SPU
TDI 29.8
GP-5000
PTMG-1000 150
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Fig. 8 The influence of the reactant volume for
the responses of polyurethane reaction; (a)
Resonant frequency shift - Time and (b)
Resonant resistance - Time.
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